Introduction
The majority of characterized mycoviruses possess dsRNA genomes, either encapsidated in isometric particles (Buck, 1986) or occurring as unencapsidated elements associated with membranous vesicles in the cytoplasm (Hansen et al., 1985) or with mitochondrial fractions (Hong et al., 1998 ; Lakshman et al., 1998) . Attention to date has focused particularly on those instances where dsRNA elements appear to confer hypovirulence on their hosts. Consequently, the bulk of available mycoviral sequence data relate to dsRNA genomes (Buck, 1998) , although ssRNA sequences for a bacilliform particle from the button mushroom Agaricus bisporus (Revill et al., Author for correspondence : Robyn Howitt (at Landcare Research).
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The GenBank accession number of the sequence reported in this paper is AF238884. 1994) and an isometric particle from the plant-pathogenic fungus Sclerophthora macrospora (Yokoi et al., 1999) have been reported. Other morphological types of mycovirus such as flexuous and straight rod-shaped particles have been observed in four of the major taxonomic divisions of fungi (Buck, 1986) , but these viruses are less well characterized.
Botrytis cinerea Pers. [teleomorph Botryotinia fuckeliana (de Bary) Whetzel] is an important pathogen in temperate climates, affecting a large number of economically important vegetable, flower and fruit crops (Coley-Smith et al., 1980) . dsRNA elements associated with isometric particles have been reported in B. cinerea (Howitt et al., 1995 ; Vilches & Castillo, 1997 ; Castro et al., 1999) . Bacilliform and flexuous rod-shaped particles have also been observed in B. cinerea (Howitt et al., 1995) . The flexuous rod-shaped particles were comparable in size and morphology to ssRNA plant ' potex-like ' viruses.
We report here the genome sequence of one virus, named Botrytis virus flexuous (BVF), reflecting the flexuous nature of the virus particles. This represents the first sequence of a virus of this morphology from a fungal host. Comparisons with known sequences provide an insight into the relationship between this mycovirus and similar viruses from other kingdoms.
Methods
Origin and culture of fungal strain. B. cinerea isolate RH106-10 (ICMP no. 12259) was collected from a field-grown strawberry plant at Massey, Auckland, New Zealand, in 1994. Growth conditions for B. cinerea were as described previously (Howitt et al., 1995) . Briefly, the fungus was stored as a conidial suspension at k80 mC in 15 % glycerol. Conidia for inoculation of liquid medium were harvested from cultures grown on malt extract agar under a diurnal light regime. Mycelium for virus purification was grown in shake culture on Vogel's medium N (Vogel, 1964) supplemented with 0n5 % sucrose and 0n5 % yeast extract. Flasks (2 litre) containing 500 ml medium were inoculated with conidia to 10&\ml and incubated for 3 days on an orbital shaker (110 r.p.m.) at 20-25 mC.
Partial purification of viral particles. Frozen mycelium (10 g) was ground to a fine powder with a mortar and pestle in the presence of liquid nitrogen and partly purified as described by Howitt et al. (1995) . The homogenate was extracted with chloroform and subjected to highand low-speed centrifugation. At the second ultracentrifugation step, resuspended pellets were layered onto a 20 % sucrose cushion and finally resuspended in 20 mM sodium phosphate buffer (pH 7n0).
Extracts were stained with 2 % potassium phosphotungstate (pH 4n0) and examined in a Philips CM12 transmission electron microscope at 80 kV. Measurements were calibrated by using catalase crystals (Agar Scientific, cat. no. 124).
RNA extraction from partly purified preparations. Aliquots of the partly purified preparations (100 µl) were made up to 120 µl with buffer comprising 40 mM Tris-HCl (pH 8n0) and 12n5 mM MgCl # and incubated for 10 min at 37 mC with 20 U RNase-free DNase I (Life Technologies). Following DNase treatment, 100 µl portions were made up to 150 µl with buffer containing 10 mM Tris-HCl (pH 8n0), 5 mM EDTA and 0n5 % SDS. Samples were then incubated with 1 µl proteinase K (Life Technologies) at 20 Anson units\mg for 15 min at 42 mC. RNA was extracted with equal volumes of 1 : 1 (v\v) phenol-chloroform and precipitated with 2n5 vol ethanol in the presence of 300 mM sodium acetate (pH 5n2). The RNA was resuspended in 20 µl sterile water and stored at k20 mC.
cDNA synthesis and cloning. Unless otherwise indicated, all protocols used for the manipulation of nucleic acids and bacterial strains were those of Sambrook et al. (1989) . The presence of a poly(A) tract was determined by the use of Dynabeads Oligo(dT) #& as described by the manufacturer (Dynal). cDNA was synthesized and cloned by using the SuperScript plasmid system for cDNA synthesis and plasmid cloning (Life Technologies). Briefly, this system used a modified oligo(dT) NotI primer-adapter to prime first-strand cDNA synthesis. After secondstrand synthesis, a SalI adapter was ligated to blunt-ended dsDNA, followed by NotI digestion. Following size fractionation, the cDNA was ligated into the NotI\SalI sites of plasmid pSport1 (Life Technologies). The plasmid containing the cDNA inserts was introduced into competent Escherichia coli MC1022 or DH5α cells. Plasmid DNA prepared from the transformants by the alkaline lysis method was digested with MluI to release the cDNA inserts. Resulting clones were mapped by restriction enzyme digestion and Southern blot analysis. PCR amplification. Synthetic primers, complementary to the ends of the clones, were designed and used to amplify intervening sequences by RT-PCR. PCR mixtures (50 µl) contained 100 ng template cDNA, 10 pmol of each primer, 200 µM dNTPs and 1n25 mM MgCl # with the recommended buffer (Life Technologies). Two units of AmpliTaq DNA polymerase (Perkin Elmer) was added to the amplification following a ' hot start ' of 5 min at 96 mC and 2 min at 94 mC ; followed by 30 cycles of 40 s at 94 mC, 40 s at 58 mC and 2 min at 72 mC ; and a final 10 min extension at 72 mC. Amplifications were performed in a Perkin Elmer Cetus thermal cycler.
Determination of the 5h end. The presumptive 5h cDNA clone was labelled with [α-$#P]dCTP by using the Rediprime system. It was then used as a probe to identify further clones specific to the 5h region by colony hybridization. Inserts were sized by agarose gel electrophoresis and mapped by enzyme digests.
The extreme 5h RNA sequence was obtained by using a modified version of the Capfinder PCR cDNA Library Construction kit (Clontech). cDNA was synthesized with 200 U Superscript II RT (Life Technologies) and an oligonucleotide primer complementary to a region near the 5h end of the presumptive 5h cDNA clones. Included in this reaction was the Capswitch oligonucleotide from the kit, which served as a short, extended template attaching to the 5h cap of the genomic RNA. cDNA was amplified directly by PCR by using the synthetic primer to the 5h clones and a 5h PCR primer complementary to the Capswitch oligonucleotide (supplied with the kit). The amplification products were either sequenced directly or ligated into the pGEM-T cloning vector (Promega) prior to sequencing.
Sequencing and sequence analysis. cDNA clones were sequenced in both forward and reverse directions. Nucleotide sequences were obtained either by sequencing of clones and subclones or by generating nested deletions of the subcloned cDNAs by using the Erasea-Base system (Promega) according to the manufacturer's instructions. Sequencing was performed either manually with the 7-deaza-dGTP sequencing kit with Sequenase version 2.0 (USB) or with an Applied Biosystems model 373A sequencer using the Taq dideoxy terminator cycle sequencing method. Universal forward and reverse primers were used in conjunction with synthetic primers based on portions of the virus that had been sequenced.
Sequences were assembled by using the GCG 8.1 or 9.0 software package (Genetics Computer Group, Madison, WI, USA ; Devereux et al., 1984) and GenBank searches performed with FASTA (GCG) or BLAST programs. Sequence alignment was performed with the CLUSTAL W package (Thompson et al., 1994) . Internal methyltransferase, helicase and RNA-dependent RNA polymerase (RdRp) regions were aligned independently of the entire replicase alignment. A pairwise distance method using the Dayhoff PAM distance matrix from the PROTDIST program was used to infer phylogenetic relationships. Unrooted neighbour-joining distance trees were constructed by using the NEIGHBOR program. The robustness of each phylogeny was assessed by implementing bootstrap analysis consisting of 100 replicates in the SEQBOOT program (Felsenstein, 1985) . PROTDIST, NEIGHBOR, SEQBOOT and the image-rendering program DRAWGRAM were implemented in the PHYLIP 3.5 package (Felsenstein, 1995) . Sequence identity and similarity analyses were carried out with BLAST2 and CLUSTAL W programs.
In addition, nucleotide sequences of the replicase genes of BVF and other viruses were gapped according to the CLUSTAL W gapped aligned amino acid sequences and analysed by using DISCALC\ DIPLOMO (Weiller & Gibbs, 1995) . Unrooted neighbour-joining trees were created by using the NJTree program from a distance matrix resulting from the pairwise comparisons of the first and second Sequences. GenBank accession numbers and acronyms for sequences used in analyses are listed in Table 1 . Particular sequences were selected for comparison based on their similarity to BVF following database searches and potato leafroll virus (PLRV), southern bean mosaic virus (SBMV), tobacco rattle virus (TRV) and tobacco vein mottling potyvirus (TVMV) were included as outgroups.
GI
We have separated members of the ' tymo-like ' lineage of supergroup 3 positive-strand RNA viruses (Koonin & Dolja, 1993) into two groups. The ' tymo-like ' virus group, with isometric particles, includes the genera Tymovirus and Marafivirus. The ' potex-like ' group, with flexuous rodshaped particles, includes the genera Allexivirus, Capillovirus, Carlavirus, Foveavirus, Potexvirus, Trichovirus and Vitivirus.
Results

Virus purification
Following partial purification, flexuous rod-shaped particles with a modal length of approximately 720 nm were observed (Fig. 1) .
Isolation of virus-specific cDNA clones
RNA extracted from the partly purified preparations was confirmed to be single stranded and the presence of a poly(A) tract was determined by using oligo(dT) magnetic beads and cDNA priming with oligo(dT) primers. Labelled cDNA of the partly purified mycoviral RNA migrated as a single species close to potato virus X RNA (6435 bp), indicating a size of " 6500 bp (data not shown).
The cloning strategy for BVF RNA sequencing is outlined in Fig. 2 . Three non-overlapping clones, BVF23 (1035 bp), BVF24 (1173 bp) and BVF37 (1976 bp), representing 60 % of the total genome, were produced by using the SuperScript cloning protocol. Clone BVF37 contained a poly(A) tract at the 3h end and a GDD motif at the 5h end, and BVF24 contained a GXXGXGKS\T motif. Conserved RdRp (POL or GDD) (Koonin, 1991) and helicase (HEL or GKS) (Gorbalenya & Koonin, 1989) sequence motifs, along with methyltransferase (MTR) motifs (Rozanov et al., 1992) , are found in the replicase genes of many positive-strand RNA viruses. Additional clones, BVF1 and BVF3, were obtained by RT-PCR primed with BVF-specific primers. Sequence analysis of clone BVF1 revealed a single NotI site, indicating that clones BVF23 and BVF24 represent a contiguous stretch of sequence. Clone BVF5 was identified by colony hybridization with a probe generated from BVF23 and clone BVF15 was obtained (62) 34 (45) 53 (61) 26 (45) 60 (72) 32 (49) 74 (81) -
by using the Capfinder kit (Clontech). Clone BVF15 and two additional clones generated from independent PCRs were shown to be identical by sequence analysis.
Genome organization
The genome size of BVF RNA, excluding the poly(A) tract, was 6827 nucleotides (GenBank accession no. AF238884). Computer analysis of the nucleotide sequence revealed the presence of two putative open reading frames (ORFs) (Fig. 2) . Three untranslated regions were present in the genome, comprising a region of 63 nucleotides preceding the initiation codon of ORF1, a 93 nucleotide stretch between ORFs 1 and 2 and a 3h-terminal region of 70 nucleotides followed by a poly(A) tract. The existence of a 5h cap was deduced from the presence of a methyltransferase region in the replicase gene and from the successful use of a Capswitch oligonucleotide to derive the 5h-terminal region. The fact that two independent cDNA clones derived by this approach provided sequences identical to that of clone BVF15 suggests that the entire 5h region has been identified correctly.
A putative protein with predicted molecular mass 19n7 kDa (p20) overlapped ORF1 by 467 nucleotides. No AUG initiation codon was detected for this 176 amino acid sequence, which terminated with an opal (UGA) codon at nucleotide 530. This putative reading frame was in a k1 frame relative to the two other ORFs. The base content of the p20 coding region was 26n0 % A, 34n0 % C, 20n5 % U and 19n5 % G and encoded a proline-\serine-rich protein. Database searches with the nucleotide and amino acid sequences of p20 did not reveal any significant homology with other protein sequences.
The cDNA to a putative defective RNA (D-RNA) of 829 nucleotides was detected following colony hybridization with probe BVF5. The D-RNA consisted of a 5h region of the parental genome (nucleotides 17-315) fused to the 3h terminus (nucleotides 6298-6827), complete with poly(A) tract (Fig. 2) . This D-RNA, encoding a putative protein with predicted molecular mass 24n9 kDa (p25), contained the first 84 amino acids of ORF1 and the last 152 amino acids of ORF2.
ORF1
The initiation codon for ORF1 was in a favourable context for translation in filamentous fungi, having a cytosine in the j5 position and an adenine in the k3 position (Ballance, 1990) . This ORF, encoding a putative protein with expected molecular mass 153 kDa (p153), terminated at an opal (UGA) codon at nucleotide 4192. Readthrough of this in-frame stop codon would result in a larger protein with molecular mass 212 kDa (p212), terminating at an amber (UAG) codon at nucleotide 5752. The presence of the opal stop codon was HB R. L. J. Howitt and others R. L. J. Howitt and others Fig. 3 . Amino acid alignment of the putative RdRp domains of the replicase proteins of BVF and selected plant viruses. Motifs I-VIII are based on those of Koonin & Dolja (1993) . Conserved residues in BVF and the most closely related plant viruses are shown by asterisks, similar residues by colons. Bold asterisks denote conservation across all viruses aligned, bold colons denote similarity across all viruses. Residues conserved in at least eight viruses are shown in bold. Numbers in brackets refer to the amino acid position in the ORF.
confirmed by sequencing three independently derived clones. Database searches of the amino acid sequence of p212 showed sequence identity to the replicase genes of ssRNA plant ' tymo-' and ' potex-like ' viruses, belonging to the Sindbis-like supergroup of positive-strand RNA viruses. Alignments were made of the entire replicase and the three internal conserved replicase regions containing the methyltransferase, helicase and RdRp domains. The boundaries of these internal regions were defined by Morozov et al. (1990) and include all motifs recognized by Koonin & Dolja (1993) . When aligned with a selection of replicases from the ' tymo-' and ' potex-like ' viruses, BVF p212 showed highest amino acid identity to replicases from allexivirus Table 2) . Alignments of the three internal, conserved replicase regions also showed high homology to those regions in ' tymo-' and ' potex-like ' viruses. In the methyltransferase region, BVF showed highest amino acid identity to the ' tymo-like ' viruses [TYMV, oat blue dwarf virus (OBDV), 34 %], but was closer to the ' potex-like ' viruses in the helicase (GVX, SMYEV, 28 %) and RdRp [garlic virus A (GarV-A), 40 % ; SMYEV, cherry virus A (CVA), 39 %] regions (Table 2 ). An alignment of conserved RdRp sequence motifs for BVF and selected plant viruses is shown in Fig. 3 .
Phylogenetic analysis of this RdRp region revealed that BVF clustered amongst the ' potex-like ' group, supported by HC Fig. 4 robust bootstrap values (Fig. 4) . The polerovirus PLRV and sobemovirus SBMV were included in this analysis as they share the highest amino acid identity to the RdRps of the other two ssRNA mycoviruses sequenced to date.
Unrooted neighbour-joining trees constructed from pairwise distances of the first and second nucleotides of each codon of the replicase genes, with a correction for composition (high cytosine bias), produced similar groupings to those presented in Table 2 for the entire replicase and the helicase and RdRp regions. However, in the methyltransferase region, BVF grouped closer to the ' potex-like ' viruses than to the ' tymolike ' viruses (data not shown).
The base content of BVF ORF1 RNA was 24n4 % A, 32n1% C, 22n7 % U and 20n8 % G. A similar nucleotide composition with high cytosine content is also observed in ORF1 of tymoviruses, the marafivirus OBDV and some potexviruses, including Plantago asiatica mosaic virus (PlAMV) and, to a lesser extent, foxtail mosaic virus.
ORF2
ORF2 (nucleotides 5848-6754) encodes a putative protein with expected molecular mass 32 kDa (p32). Again, the initiation codon was in a favourable context for translation. Database searches with the 302 amino acid sequence of p32 revealed homology to capillo-and trichoviruses. The BVF p32 protein contained conserved residues (Fig. 5) that have been associated with the putative salt bridge and corresponding hydrophobic core in flexuous rod-shaped ssRNA plant viruses HD R. L. J. Howitt and others R. L. J. Howitt and others Fig. 5 . Amino acid alignment of segments of the coat proteins of BVF and flexuous rod-shaped plant viruses potentially involved in salt-bridge formation. The conserved positively and negatively charged residues (Arg and Asp, respectively), proposed to form a salt bridge crucial for protein structure, are shown in bold (modified from Dolja et al., 1991) . Identical residues are indicated by asterisks and similar residues by colons. The distances from the protein termini and between the aligned segments are indicated by numbers in brackets. Dolja et al., 1991) . In this salt bridge region, BVF showed the highest amino acid identity to the trichovirus apple chlorotic leafspot virus (ACLSV) (33 %) and the vitivirus GVB (29 %) ( Table 2) . A similar relationship, although less well supported, was observed following phylogenetic analysis of this region (Fig. 6) . The putative coat protein of BVF was unusual in having a long C-terminal region when compared with the coat proteins of plant viruses in this alignment (Fig. 5) . The base content of BVF ORF2 RNA (26n4 % A, 35n4 % C, 17n2 % U and 21n0 % G) was high in cytosine, more typical of a number of potexvirus coat protein genes than those of the vitiviruses.
Discussion
Comparison of the full amino acid sequence of BVF showed that the putative BVF replicase gene is most closely related to replicase genes of both ' tymo-' and ' potex-like ' viruses. Analysis of the three most conserved regions of the replicase showed features more closely resembling ' tymo-like ' viruses in the N-terminal region, but more similar to ' potex-like ' viruses in the C-terminal region. In the methyltransferase region, the BVF replicase showed significant amino acid sequence identity to similar regions in ' tymo-like ' viruses. This is not surprising, considering that the first half of BVF and ' tymo-like ' virus replicases are both cytosine-rich. Two alternative explanations can be suggested for BVF having a high cytosine content. The first would be that the cytosinerichness is an ancestral feature of BVF and does indeed reflect a close affinity with the ' tymo-like ' viruses. The second would be that the overlapping reading frame at the N-terminal region of the BVF replicase, being proline-rich, has driven secondary cytosine-enrichment of this region of the BVF replicase, which is therefore not indicative of its ancestral composition (Gibbs & Keese, 1994) . If the latter is the correct explanation, a comparison of pairwise distances with a correction for this high cytosine nucleotide bias would show the true taxonomic relationships of this region. In such a comparison, BVF groups closer to the methyltransferase regions of ' potex-like ' viruses.
An unusual feature of BVF is the putative readthrough opal (UGA) codon in the replicase, confirmed by the sequencing of several independent clones. This phenomenon has not been reported in the replicases of other ' potex-like ' viruses. In the tymovirus TYMV, readthrough of an amber (UAG) codon results in the extension of the 206 kDa protein to a 221 kDa protein (Bransom et al., 1995) . However, in BVF, the type of stop codon (i.e. opal), its position in the replicase (positioned between the helicase and RdRp regions) and the immediate surrounding nucleotide sequences are more typical of readthrough codons found in RdRp-encoding RNA1 molecules of the bipartite genomes of ssRNA straight rod-shaped viruses. These include pea early browning virus (MacFarlane et al., 1989) and TRV (Hamilton et al., 1987) in the genus Tobravirus and soil-borne wheat mosaic virus in the genus Furovirus (Shirako & Wilson, 1993) . These plant viruses and BVF share the sequence aUAGc(g\a)(g\a)t in this position. The cytosine residue located immediately downstream of the UAG codon has been shown to be important for efficient translational readthrough in mammalian viruses (Li & Rice, 1993) .
We can therefore suggest a translation strategy for BVF based on examples from other viruses (Buck, 1996) . The methyltransferase and helicase domains are located on a protein that is translated from the 5h ORF and the RdRp domain is translated by readthrough of the stop codon to give a fusion protein. In these instances, the methyltransferase and helicase regions are present in excess over the RdRp domain and the downstream coat protein is translated from a subgenomic RNA. In vitro translation studies, coupled with the identification of an as yet undetected subgenomic RNA species in BVF, could confirm this strategy.
In the BVF coat protein, the regions of highest homology align with the most conserved central core regions of the coat proteins of plant ' potex-like ' viruses. Although amino acid identity is highest with the genera Capillovirus, Trichovirus and Vitivirus, the BVF coat protein is still distinct enough to be grouped in its own genus. Phylogenetic analysis, although not robust, reveals BVF clustering with the ' capillo ' rather than the ' potex\carla ' lineage of coat proteins (Koonin & Dolja, 1993) . It is interesting to note that there is moderately high amino acid identity (39 %) between BVF and the capillovirus CVA in the RdRp region at the C terminus of the replicase gene.
An interesting feature of BVF, when compared with other ' potex-' and ' tymo-like ' viruses, is the apparent lack of a movement protein. Many plant viruses encode movement proteins that interact with plant host plasmodesmata to allow the passage of infectious viral material from cell to cell. Movement proteins have the capacity to move from cell to cell, dilate plasmodesmal microchannels (normally up to 4 nm in diameter ; Fisher, 1999) and facilitate the passage of viral nucleic acids (Lucas & Gilbertson, 1994) . The mycovirus BVF, having a coenocytic host, presumably does not require similar movement proteins. In B. cinerea, it is unlikely that the " 150-250 nm septal pore that separates individual ' cells ' (Vilches & Castillo, 1997 ; Gull & Trinci, 1971) would be a barrier to the movement of mycovirus particles. However, the possible role of Woronin bodies (Gull, 1978) in the transport of mycoviruses remains unknown.
The putative 20 kDa protein that overlaps the replicase gene may be analogous to the overlapping movement proteins of the tymoviruses, although much smaller in size. Alternative initiation codons (AUU, CUG, UUG) are known to be used in plants (Gordon et al., 1992) and AUU was assigned as a possible initiation codon for ORFs in the allexivirus GVX (Song et al., 1998) and the potexvirus SMYEV (Jelkmann et al., 1992) . In the BVF genome, an in-frame AUU codon is present only at nucleotide 2. Alternatively, an in-frame CUG codon is present at nucleotide 68. In the marafivirus OBDV, a similarsized overlapping protein is present, also lacking an AUG initiation codon. OBDV resembles the tymoviruses closely in genome sequence, organization and expression strategy (Edwards et al., 1997) , but lacks the large (49-70 kDa) overlapping movement proteins of the tymoviruses. OBDV is restricted to phloem tissues in its plant host (Edwards et al., 1997) . The small overlapping protein of OBDV has significant amino acid identity to those of the tymoviruses. The putative overlapping protein, p20, of BVF has no such sequence similarity but does have a similar proline-rich composition. Unlike the two BVF ORFs, the putative reading frame of p20 has the highest cytosine content in the second rather than third codon position. Due to this nucleotide bias, it is possible that the original BVF genome comprised ORFs 1 and 2, the putative replicase and coat protein genes, and that the putative p20 reading frame arose later by overprinting (Gibbs & Keese, 1994) .
Assuming that the putative D-RNA found in BVF preparations is not a cloning artefact, this RNA may have arisen during replication by an internal deletion event resulting in the fusion of the 5h and 3h ends of the parental genome. D-RNAs are found in animal, plant and fungal viruses (Roux, 1994) . Deletion mutants derived from dsRNA genetic elements have been reported previously in mycoviruses. In Saccharomyces cerevisiae killer viruses, these mutants result in neither toxin production nor immunity (Nuss, 1988) , and in Cryphonectria parasitica they are proposed to be responsible for the observed complex banding patterns of dsRNA (Shapira et al., 1991) . It has yet to be determined whether this D-RNA is capable of replicating or if it has any modulating effect on BVF. Interestingly, two potexviruses, cassava common mosaic virus (Calvert et al., 1996) and clover yellow mosaic virus (White et al., 1992) , also produce D-RNAs that invariably encode a single ORF involving an in-frame fusion of the N terminus of the replicase and the C terminus of the coat protein. White et al. (1992) suggested that this conservation of reading frame, also a feature of the BVF D-RNA, may be essential for RNA stability.
In summary, BVF has features typical of four groups of ssRNA plant viruses : the genera Furovirus and Tobravirus with straight rod-shaped particles, the ' tymo-like ' viruses with isometric particles and the ' potex-like ' viruses with flexuous rod-shaped particles. This is quite distinct from the other two ssRNA mycoviruses sequenced to date. The mushroom bacilliform virus and the Sclerophthora macrospora virus share sequence identity to luteo-and sobemoviruses (Yokoi et al., 1999) . Similarities that the BVF genome shares with ' tymolike ' genomes are the size (212 kDa) and high cytosine content of the putative replicase gene. Differences are the lack of both a large overlapping movement protein at the 5h end of the genome and a 16 nucleotide ' tymobox ' sequence at the 3h end of the replicase gene, a hallmark of the tymoviruses (Ding et al., 1990 b) . Also, BVF contains coat protein sequence motifs typical of flexuous rod-shaped rather than isometric particles.
Amino acid sequence identities of the conserved helicase and RdRp replicase regions and the coat protein genes are greatest to those of ' potex-like ' viruses. The major difference between BVF and these plant viruses is the lack of a movement protein, either as a single polypeptide (Capillovirus, Foveavirus, Trichovirus, Vitivirus) or as a triple gene block or similar structure (Allexivirus, Carlavirus, Potexvirus) . Amino acid sequences of both the putative replicase and coat protein genes, along with conserved motifs present in the coat protein gene, support the classification of BVF in the plant virus ' potex-like ' group. However, when a comparison is made of amino acid identities for these genes between existing ' potexlike ' genera (Table 2) , it is apparent that the mycovirus BVF is distinct enough to belong to a new genus in this group.
